MOD silver metallization for photovoltaics by Vest, G. M. & Vest, R. W.
MOD SILVER METALLIZATION FOR PHOTOVOLTAICS 
PURDUE UNIVERSITY 
G.M. Vest and R.W. Vest 
Approach 
l dent l fy  ond choracterlze sul table metal lo-organlc (m)) 
COn*Od,ldS. 
Develop generlc synthesis Procedures fo r  the MO cmounds.  
Develop generic fobr lcot  lon procedures fo r  screen o r l n t  lng 
Inks. 
Optlmlze Processing wrometers fo r  top surface c e l l  
metol l lzot ion,  
Model the l n t e r r e l o t l o n s h l ~ s  betneen Ink chemlstrv and 
Process1 ng, and 
Ag Neodecanoate 
R2 - C - COOH + 
I 
R3 
f 1 l m  propert les and c e l l  oerformnce. 
Synthesis and Characterization 
Reoc t l on : 
H 0 
'11 
NH,OH &) R2 - C - COONHq + H20 
25 t I 
R3 
R1 + R2 + R3 - C8H19 
n/o S i lver :  38.7 
Form: nh l te  s o l i d  
So iub l l l t y :  a r m t l c  solvents 
389 
-DING PAGE BLANK NOT -0 
https://ntrs.nasa.gov/search.jsp?R=19850024115 2020-03-22T19:49:35+00:00Z
PROCESS DEVELOPMENT 
Thermogram of Ag Neodecanoate in Benzene 
Platinum (11) 2-ethylhexanoate 
Synthesis and Characterization 
U/O P ! ! ~ t l ; ~ m :  4 1  
Form: block oi l  
S o l u b l l l t ~ :  a r m t l c  solv~nts 
PROCESS DEVELOPMENT 
Thermogram of Pt 2-ethylhexanoate in Benzone 
PROCESS DEVELOPMENT OR~GINAL 
OF POOR 
Thermogram of Ag Neodecenoate Plus 
2-ethylhexanoate in Benzene 
Screen-Printing Ink Fabrication 
XY 1 ene 
PROCESS DEVELOPMENT 
Critical Steps in Ink Fabrication 
Metal lo-organic c c m u n d s  
1. Select ion 
2 ,  P u r l t y  
Low Boi l !ng Solvent 
1. Select ion 
2 .  P u r i t y  
Hlrb B o i l i n g  Solvent(s) 
1. Select ion 
2. P u r i t y  
3 .  bmount 
Rotovac 
1. Tlme 
2. Temperature 
3. Pressure 
Low Boiling Solvents Evaluated 
B.P. Comnent~ 
137 incomle te  solvent exchange 
dark f l lms 
to1 uene 111 inconolete solvent exchange 
dark f 1 ims 
benzene 80 near c o m l e t e  solvent exchang 
s l l v e r  f l l rns 
t e t  rahvdrof uran 66 near c m l e t e  solvent exchonx 
s i l v e r  f l l m s  
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High-Boiling Solvents Evaluated 
buty l  carb i to l  acetate 236-249 
Phenvl ether 259 
dodecone 215-217 
necdecono 1 c ac 1 d 250-257 
triglyme 215 
decal i n  - 66-195 
Ink SPCI -YZ 
1. Dissolve x grams o f  Ag neodecanoote I n  benzene t o  give 
awrox im te l v  11 w/o Ag I n  so.,utlon. 
2. Add Pt 2-eth~lhexonoote i n  benzene t o  give f i r e d  com- 
~ s l t i o n  96 w/o Ag - 4 W/O P t .  
3. Add 0 . 1 3 ~  grams of buty l  carbite: acetate and 0 . 2 6 ~  grams 
of neodecanoi c ac l d. 
4. M I X  i n  the rotovac fo r  15 minutes a t  r o m  t m r a t u r e  
and pressure. 
5 .  Solvent exchange I n  the rotovoc fo r  1 hour a t  40 '~  under 
water ~ u r w  vacuum. 
6. The smooth, black ink screen p r i n t s  we1 1 and Produces 
24.5 w/o As + Pt when f i r e d  to  285'~ or  higher. 
oal@NAL P.3QZ ' is PROCESS DEVELOPMENT 
OF POOR Q U A L ~ ~  
Thermogram of Ag-Pt Ink SPC 1 - 1 A 
PROCESS DEVELOPMENT 
Standard Firing Sequence No. 1 Profile 
Film Characteristics Evaluated 
2 ,  Sheet Resl stonce (Dens1 t ~ )  
3. Llne Deflrrltlon 
4. Adehslon 
Time (minutes)  
PROCESS DEVELOPMENT 
Rating System for Re,wting Line Definition 
of Fired Films Using the JPL Pattern 
A. Excr1:ent 6. Accrpt rb lc  C. Unacceptable 
JRIGIMAL PAGE' 
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PROCESS DEVELOPMENT 
Firing Study Results for Ink SPC 1 -YZ 
Fir lng Sequence Shre t 
Type of Surface Line Reaiat. 
Test# I n H  Temp (OC) Time (min) Furnace Sub:t ra te* Appearance Defin. ( d a q )  Adhesion 
1 ~ 1 ~ 0 ~ ' ~ )  whitish a i l w r  B 56 excel lent  
(poor on 
coanecting 
bar) 
2 SPCl-1C 65 30 
Age-19 days 200 30 
R.H.-54% 725 30 
I  cell^(^)'(^) whitish s i l v e r  B(A fo r  40 Poor 
(batch narrow t o  
172-2) l i n e r )  f a i r  
1 cella(d ,(d) whitish s i l v e r  A 45 zero 
(batch 
172-2) 
4 SPCI - IA(~)  65 30 1 ~ ~ o ~ ( ~ )  wh i t i sh  s i l v e r  B 26 poor 
Age-3.5 h r  200 30 
R.H.-42% 325 20 
5 SKI-10 65 30") 1 ~ 1 ~ 0 ~ ' ~ )  whi t ish  a i l v e r  A 62 zero 
Age-16 day 200 30 
R.H.=52I 325 30 
6 SPCL-1D 65 30 
Age-25 day 200 30 
R.H.-54% 325 30 
7 SPCl-1D Std. Fi r ing Sequent; 4 whitish s i l v e r  B(A f o r  72 excel lent  A1203 Age-25 day connect i a g  
R.H.=54% # I ( ~ )  bar)  
8 SPCl-1E Std. Fi r ing Sequence 4 ~ e l l n ' ~ )  whi t ish  a i l v e r  A 58 e d  to  
Age-27 day (batch a x c e l l m t  on 
R.H.-unknam 41 341-177) lurrw l i m a .  
f a i r  t o  poor 
oo vide con- 
nect ine  b a t  
1 c e l l s ( i )  h i t i a h  a i l w r  B 87 poor (zero) 
(batch 
341-1771 
10 SPC1-2A Std. Fi r ing Sequence 4 ~ e l l n ' ~ )  vh i t i ah  a i l v e r  B 54 exce l l r a t  
A g e 2  hr  (batch 
R. H. -502 I I 341-1771 
11 SPCl-2A 2nd layer  printed and the  4 ce l l s ( i )  whitiah s i l v e r  I) 2 3 poor 
Me-2 h r  f i r i n g  aequcnce of Teat (batch t o  
R.H.=SOX 10 repeated 341-177) f a i r  
PROCESS DEVELOPMENT 
Fi r ing  Seqwsca Sheat 
TYP. of Surface Line Fas la t .  
Tes t1  Ink1 Temp (OC) T i m  (.in) Funuca Substrate* Appearance Defin. ( d l a q )  Mhesion 
1 2 ' ~ )  SPCL-2B Std. f i r i n g  sequence ?I 
Ast-8 day 
R.11.-48% 
ce l l s ( i '  whi t i sh  s i l v e r  c 4 7 excel lent  
(batch 
341-177) 
13 SPCI-2B Std. Fi r ing Sequence 11 
Age-Bday 
R.M.-48% 
cells( ')  whi t i sh  s i l v e r  B 56 exce l l en t  
(batch 
341-177) 
14 SPCJ-,?A Second layer  pr in ted  and c e l l s ( i )  whi t i sh  s i l v e r  B 24 exce l l en t  
b e - 8  day the  f i r i n g  sequence o f  t e s t  (batch 
R.H.-48% 12 was repoated 34!-177) 
I S  SPCI-21) S u c  a s  t e s t  1 3  except batch uh i t i ah  milver B 24 u c c l l e n t  
Age4  day drying s t e p  (30 mine e t  65'~) (batch 
R.H.48X is skipped a f t e r  2nd l aye r  is 341-177) 
pr in ted  
16 SKI-2C Std. F i r i ng  Sequence 11  cell^(^)'(^) whi t i sh  s i l v e r  B 31 e x c e l l m t  
Age-15 day (batch 
R.H.-54% 341-177) 
17 SPCl-ZC Std. Fi r ing Sequence 11 
48- 15 day 
R.H. -54% 
c e l l s  (i) whi t i sh  s i l v e r  B 53 exce l l an t  
(batch 
341-177) 
18 SPCI-zc Second l aye r  : ~ r i n t e d  and ce l ls ( ' )  wlliriah s i l v e r  B 26 axcal lent  
4 -15  day the  f i r i n g  aequence of  t e s t  (batch 
P.M.-54% 16 w u  repaated 341-177) 
19 SPCL-2C I h l r d  l aye r  pr in ted  and f i r ed .  cells") whi t i sh  r i l v e r  C(U) 16 f a i r  
Age-15 day Vnfortunatoly, f i r i n g  was in- (batch t o  
P.H.-542 s u f f i c i e n t  due t o  mechanical 341-177) Poor 
f e i l u r e ) .  
20 SPC1-ZE 2 layers  pr in ted  with only a c e l l s ( i )  whi t i sh  s i l v o r  B 19 u c e l l a n t  
Age-28 days drying r t e p  be twen  l a y e r s  of . (batch 
P.M.-54% M mins ac 70'~. Once 2nd l aye r  341-177) 
was pr in ted  t he  Std. F i r i ng  
Sequence 11 wae used. 
21 SPCI-It Std. F i r i ng  Sequence 11 
Age-28 days 
1.H.-54% 
c e l l s ( i )  whi t i sh  a i l w r  B 76 exce l l en t  
(batch 
341-177) 
22 SPCI-ZD Std. Pi r ing Saqumca 11 
48-20 day 
I.H.-54% 
v h i t i s h  s i l v e r  B 72 exce l l en t  
(batch ( i n i t i d l y )  
346-193) 
23 SKI-2P Std. F i r i ng  Saquence #I  
48 -53  day 
I.R. -60% 
ca l l s ( i )  whirlah s i lmr B 7 I .  axca l l ea t  
(betch 
346-193) 
PROCESS DEVELOPMENT 
Fi r ina  Sequence S h u t  
Type of Surface Line R u t a t .  
Test) Inkt  T p  (OC) T i m  ( a i d  Funuce Substrata* Appurance Dafin. (.R/aq) Adherion 
24 SWl-2F Std. Fi r ing Seqwnca tl 
40 -53  day 
n.n.aox 
c e l l s ( i )  uh i t i ah  r ~ l v e r  B 61.4 excel lent  
(batch 
346-193) 
25 SKI-2F Std. F1ti:~g Seqwnca t 1  
Age-53 day 
R.H.4OX 
c e l l s ( a )  uh i t i ah  a i l v e r  8(k) 60.3 excel lent  
(batch 
346-193) 
26 S K I - U  Std. Fi r ing Sequence f l  
A p t 6  h r  
R.H.-58X 
u h i t i s h  s i l v e r  ~ 1 1 ' ~ )  67.0 excel lent  01 
(balch narrow l i n e >  
366-1931 poor on con- 
nect ing ba r  
27 SKI-3A Std. Fi r ing Seqwnce (1 
be-6 h r  
R.H.-58X 
cells") uh i t i ah  s i l v e r  A 7 . 7  exca l l en t  
(batch 
346-193) 
28 SPCl-U Second l aye r  pr lnted and cells") uh i t i ah  a i l w r  A/B 22.9 poor 
be -8  h r  Std. Fi r ing Sequence I 1  (betch 
R.H.-582 repeated 386-193) 
29 SPCI-U Second laye: pr in ted and cells") u h i t i s h  a i l w r  A/B 23.5 poor 
A g e 8  h r  Std. Fi r ing Sequence I 1  (batch 
R.H.-582 rcpected 346-193) 
30 SKI-3A l h i r d  layer  pr inted and Std. ce l ls")  uh i t i ah  a i l w r  B 20.0 poor 
Age-10 h r  Fir ing S q w n c *  I 1  repeated (batch 
C.H.-58X 346-193) 
31 S K I - U  Third layer  pr inted and Ltd. ce l ls (*)  uh i t l ah  a i l v e r  AD 14.9 poor 
Age10 h r  Fir ing Seqwnce I1 repeated (ba:ch 
R. H.-58X 346-193) 
*A1203 - AlSU(.g 838 ruba t r a t e s  
:ella s o l a r  c e l l s  rupplied by JPL. 
c e l l s  cleaned i n  h y d r o f l w r i c  acid  p r io r  t o  p r in t ing  by HI c l u n i n g  procedure. 
2 l aye r r  printed. Seqwoca - print-dry-f i r c p r i n t  -dry-f i r a .  
t he  length of tim a t  6 5 ' ~  was varied from 30 minutes t o  120 minutea i n  i n c n m t a  of 30 m b u t u  
bbt no e f f e c t  oil f i r e d  f i lm propar t ier  u u  observed. 
c a l l a  o r  o the r  rubatratma pr inted as-received. No pre-drying r t s p  of at  lust 30 mi-. a t  6 5 ' ~  u u  Perform 
Standard Fir ing Seqwnca #I a s  de t a i l ed  i n  s ec t ion  3.2 l a  u f o l l ~ n r  
Temp. Ti- 
65 30 -- batch dry 
R.T.-263 6.7'1min 
263-292 4 . ~ ~ 1 m i n  
b e l t  f i r e  
tw laye r s  pr inted with no h u t  treatment be twen  printingo. 
poor l i n e  de f in i t i on  u u  due t o  nochsnical p r o b l n u  with acreen p r i n t e r  vhich h a w  a u b e q m a t l y  been correcl 
aae Table 4.4 fo r  de tn i l ed  r e s u l t s  of Test NO. 22. 
Ce l l .  not c h ~ d  p r io t  t o  pr int ing.  
c a l l a  c l e w d  by u t h a n o l  cleanin$ procedure. 
l i n e s  aherper but a r e  thready than above two. 
A/B r a t t a n  r a n 8  sow c a l l a  showed A r a t i n 8  and o the r s  B r a t in s .  
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Adhesion vs Time Study With Single-Layer 
Fired Films of Ink SPCl 
T i m  ainco L l o t i v r  h u l d i t y  Adhmaion 
p r in t in#  L o t  tiw of t u t  ( o a t i u t a d  I 
f i r i n 8  (doyo) (z) of t o t a l  SUP b r u n t .  
2 53.5 100 
4 59.5 68.80 For two a m p l o r  adhesion loas  
occurrad oo connecting ba r  
only. 
10 60.5 56.65 Worrly c a p l * t o  l o s s  of ad- 
hoaion on connoctins bar. 
Adhornion b q i ~ i n #  t o  drsrodo 
. l ight ly  on n a r r w  l i n u .  
10 60.5 2 h a t  dono on on* of tho a.4180 
from day ra ro  which had ahoun 
1002 a d h u i o n  a f t o r  f i r r t  coat .  
- 
IS 57.5 30.65 Adhamion loaroa occurrin8 both 
on connoctina b a r  and n o r r w  l t r r .  
21 55 30.40 b r p l o t a  adhoaion loas  on conaoc:- 
in# bar rod a i g n i f i c m t  l o a r  on 
narrow 1in.a. 
26 53.5 35.45 S u r  .I f o r  day 21 uempt  loam 
10.8 on nartar l inaa.  
- 
42 55.5 10.30 b r u i d b r a b l ~  adhaaion loorma. 
h l y  -11 aoct iona o f  a o r  
narrou l i a u  arm adhmrins. 
w 
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54.52 MI 90t o f  rumrrt hum bar 
I l f t e d .  St Ill arcellent 
.dh.sion 14 n a r r w  I i - . r  
S8f 70 Adhemla Imuer occurred 
a b u t  equally t o  cm- 
m c t i r y  k r  orl wrm 
l i u r  . 
I .hortane o f  man-In 
2 cawed the do1.1~ Lutuvn the*. I a r t  c u u  r a t s  -I 
I temt8. A I w r t  to t r i  
loam uf mdlwrlcr, occ-rrv 
Iu*Iur.w~ 8 1 . 1 ~  4,'. awl d : I 
PROCESS DEVELOPMENT 
Summary 
1. Brlpht Ag or  Ag/Pt films n l t h  near theoretlcol denslty con be 
formed on S1 below 3w0c Provided: 
the Proper MO comunds ore se 
Pt 2-ethy lhexonoate work); 
the proper low bo l l lng  solvent 
mlected ( Ag neodeconoate Ond 
I s  used i n  the formulotlon 
(benzene or t e t  rah~drofuron work); 
the ProPer hlqh bo l l lng  solvent I s  used I n  the Ink (a 
mlxture of buty l  carb l to l  acetate and neodecanolc acld 
works); 
the m) compounds ore sultaoly purlfled; 
a low temwrature drylnG step 1s used (30 minutes a t  
65 '~  works; and 
a Proper f l r l n g  ~ r o f l l e  1s used (a  70 minute cycle n l t h  
11 mlnutes a t  292'~ norks) . 
Excellent odheslon con be ochleved w l  t h  the Drowr Ink chemistry 
and Process1 ng condl t 1 ons, but the odheslon beglns to  degrade 
of ter  severol days, 
A blndlng agent w i l l  be required to  achleve reoroduclble, long 
term adhesion. 
